Given the possibility of waterborne diseases caused by inappropriate rainwater harvesting systems, a survey was conducted in Uganda to assess existing knowledge of both physical and non-physical measures that safeguard harvested rainwater. Households who had received rainwater tanks were assessed on issues related to harvested rainwater quality. The study shows that 84% of respondents were aware of various sources of rainwater contamination, but only 5% were aware that they needed to adjust use of rainwater, depending on whether they cleaned the tank or not. Most of the respondents were not aware that gutter cleaning was necessary to improve water quality. Indeed, as the water from the collection surface is channelled through gutters, a number of measures need to be taken to control the entry of contaminations and subsequent growth of pathogens in the tank, e.g. first flush diverts, installation of filters, chemical use and mesh cleaning. The majority, however, did not take adequate care of the gutters and this impacts on health and social livelihood. Overall, the findings emphasize the need to provide more information to households when installing water harvesting tanks to ensure that the harvested rainwater is of high quality.
INTRODUCTION
Safe water for drinking should be available to every human being, now and in the future (Serageldin 2000) .
Unfortunately water resources are not uniformly distributed and are generally scarce (El-Fadel et al. 2000) , so that about 880 million people still lack access to improved drinking water sources (WHO & UNICEF 2008) , which affects their social lives and their health (Link & Phelan 1995; Kennelly et al. 2003; Kroenke 2008; Mansyur et al. 2008) . Immediate attention needs to be given to the sustainable supply of water, particularly in remote rural areas, if the global target of halving the number of people without access to water and sanitation is to be achieved by 2015, as stated in the Millennium Declaration (United Nations Development Program [UNDP] 2000) . Indeed, a number of countries were facing a serious water deficit before the declaration (Hamdy et al. 1995; Spulber & Sabbaghi 1998; Seckler et al. 1999) .
Collecting rainwater for drinking and other domestic uses is practised by individuals in almost every country in the world. Most rainwater collection systems are modified forms of traditional technologies, and offer the potential to provide sustainable water supplies while having a low environmental impact (Gould & Nissen-Petersen 1999) .
Using rainwater to supplement other sources of water supply (Howard et al. 2002) has been demonstrated as a practical and promising solution to water shortage (Cheng et al. 2006) . The central challenge to spreading this technology is the high cost of the tanks, which are often doi: 10.2166/wh.2009.030 not affordable, given that in rural areas most households have low cash incomes (Gould 2006) . Provision of rainwater harvesting tanks to support rural communities and reduce the water shortage problem is done by a number of governments, as well as international organizations (Kunze 2000; De Melo Branco et al. 2005) . Households with rainwater harvesting tanks, however. seem not to have sufficient knowledge of water quality safeguard measures and water-related illnesses (Pinfold et al. 1993) . Therefore, while the use of roof-collected rainwater can contribute to increasing the available water, it might at the same time introduce new health threats due to waterborne diseases (Leder et al. 2002) .
Thus, improving the quality of collected rainwater remains a challenge (Zhu & Yuanhong 2006) . Foltz (1999) also points out that the public perception of 'good water'-i.e. the expectations held of drinking water's cleanliness and taste-depends on the extent to which a society constructs the idea that clear water cannot be clean enough (Foltz 1999) . People form knowledge based on past experiences and on the information received, e.g. from scientific sources, the media, family members and peer groups (Bianco et al. 2007 ). However, it seems that in a number of instances, rural rainwater harvesters lack the information needed to ensure high water quality through preventive measures, which would enable them to reduce the incidence of waterborne illnesses. For instance, it is common for funding agencies to subsidize tank-building while leaving gutter construction to the householder's discretion (Thomas & Martinson 2007) . It is thus necessary not only to install rainwater harvesting systems, but also to better understand public knowledge of the physical and non-physical features of these systems, as well as of measures to safeguard the quality of the water collected in the tanks. Indeed, there is often a lack of proper measures to prevent contaminants from entering tanks (Thomas & Martinson 2007) , and waterborne diseases are widespread (Gould & McPherson 1987; Krishna 1989; Pitkä nen et al. 2008) .
This study assesses the knowledge of households in rural Luwero District regarding factors that can influence the quality of harvested rainwater and the various options available to the households to treat harvested rainwater.
Knowledge about both physical and non-physical measures to safeguard water quality is modelled as well to determine the possible influence of demographic factors.
MATERIALS AND METHODS
The study was done in Luwero District, which is north of the capital city, Kampala (Figure 1 ). Rainfall is well distributed, with an annual average of 1,300 mm. The mean annual maximum temperature is between 27.58C and 308C, whereas the mean annual minimum temperature is between 158C and 17.58C. Luwero District was selected because both the government and international organizations provide households support to harvest rainwater in the area. In addition, accessing safe water for rural areas is more difficult compared to urban areas (UBOS 2002).
The questionnaire was developed in line with the objectives of this study and the relevant literature. Modifications were made accordingly based on the feedback received from the conducted pre-test on 15 respondents.
The first section of the final questionnaire focused on background information on respondents (e.g. gender, age, family size, position in the household and number of years since the water harvesting tank had been installed).
The current use of the water collected in the tank and the measures implemented to ensure water quality (e.g. gutter cleaning, tank cleaning and first flush diverts) were asked in the second section. The lack of wider discussion of the key issues from a social science perspective of bias and triangulation was acceptable, given the target audience addressed. The questionnaire then explored knowledge about water quality issues (e.g. knowledge of biological water contaminants), existence of local rainwater associations and treatment options (e.g. use of chemicals to treat the water) by asking the respondents if they agreed or disagreed with a list of statements.
With the support of donor funds, a total of 90 households had received rainwater harvesting tanks in Luwero District. As the results were to be analysed using logistic regression models, at least 50 cases per independent variable are required for accurate hypothesis testing (Grimm & Yarnod 1995) . To ensure sufficient data, even if some respondents chose not to participate or were absent, all 90 households were included in the study. The data were collected between June and October 2007. Each household was interviewed after the purpose of the study was explained to them and after the interviewees were assured that all data would remain confidential. As the questionnaire was in the form of face-to-face interviews, the with tank. To determine whether there were correlations between the explanatory and the response variables or correlations among the explanatory variables, a bivariate analysis was made. To build the models, a stepwise binary logistic regression with backward elimination was used.
This approach was selected as the dependent variable was dichotomous and the method allows for the use of an a-level to judge the importance of variables. Odds ratios (OR) and 95% confidence intervals (CIs) were calculated.
Following Hosmer & Lemeshow (1989) , we ensured that the goodness-of-fit test statistic was greater than 0.05.
As the p-value was not significant (0.460 . 0.05), we failed to reject the null hypothesis. That is, there is no difference between the observed values and those predicted by the model. Thus, the models' estimates fit the data at an acceptable level (Garson 1998) . Samples were selected using a simple random sampling technique, whereby each sample was chosen at random, such that each sample had the same probability of being chosen at any stage during the sampling process (Yates et al. coliform/100 ml for class one (the highest and ideal water quality), one to ten faecal coliform/100 ml for class two (water of marginal quality) and more than ten for faecal coilform/100 ml for class three (water unacceptable for drinking purposes).
RESULTS
From the 90 respondents who participated, 77 could be interviewed (the remainder were absent or chose not to participate), which is an 85.6% response rate. The mean family size was 7.91 persons in a household. The mean age was 46 years. Approximately 14% of the respondents had completed higher education, while 40% had not completed high school, and some of them were illiterate (see Table 1 ).
The answers to the questions regarding the respondents' knowledge of measures that can be used to safeguard the quality of the harvested water are presented in Table 2 . Over 84% of the respondents knew about the risk of biological contamination of the harvested water. However, only 5% stated that use of the harvested water within the household depended on whether or not the tank had been cleaned.
Although 77% of respondents stated that they knew about chemicals used to treat harvested water, 80% reported that they had never used chemicals (Table 2) The overall value of 63.6% in Table 5 shows well that the model explains the variability between households' knowledge of rainwater quality and safeguard measures.
Predictor variables are occupation, household size, knowledge Records from outpatients of 526 health units (Table 6) on different microbiological diseases (Safe Water and Waste harvesters also showed prevalence of water-related diseases (Table 7) . Faecal coliforms were detected in the rainwater samples tested. There were no results for classification one, i.e. zero colony counts; while both classification two (1 to 10 colony count) and classification three (.10 colony counts) had five samples each with faecal coliforms. The results from the rainwater test did not match the WHO standard on safe water for drinking, which is zero colony count for faecal coliform in 100 ml of water (WHO 2006) .
DISCUSSION
The goal of the study was to assess existing knowledge of both physical and non-physical measures that safeguard harvested rainwater. The multiple logistic regression model allowed the evaluation of household knowledge and awareness of rainwater quality, treatment and the influence of demographic factors, as some of the possible determinants of rainwater utilization in domestic households with rainwater harvesting tanks in Luwero District.
The lack of awareness of the importance of knowledge of gutter cleaning in influencing water quality is indicated in Table 2 . This means that if the surfaces used to harvest rainwater, which deposit waste material in gutters, were cleaned regularly, the contamination of the harvested water, and thus the incidence of waterborne diseases, could be reduced. These findings are similar to those of Thomas & Martinson (2007) , which showed that many gutters are never cleaned, especially if they are more than two metres off the ground and waste is left to accumulate in them.
'We observed a pack of rotting waste at the extreme end of the gutter where rainwater from the roof collecting surface begins to flow to the tank. This occurs because collected water at the starting part of the gutter has a slow speed, and water has not gained enough energy to carry all the waste. In addition, the shade from the trees prevents some raindrops from falling on the harvesting surface at the far end of the roof, allowing little rainwater to flow in the gutter at the starting point. Therefore, more often waste accumulates in the gutters.'
The study demonstrates that knowledge of gutter cleaning and awareness of its intrinsic interconnections with other features (e.g. first flush diverts, harvesting surfaces, mesh and filters) are important in influencing the treatment and use of rainwater. Therefore the practice by donor or government agencies of subsidizing the construction of rainwater collection tanks without ensuring adequate Step 0 or animals (Gould & McPherson 1987; Xijing et al. 1995; Bambrah & Haq 1997; Zobrist et al. 2000; Sazakli et al. 2007; Pitkä nen et al. 2008) . Besides, to achieve broad health impact, greater attention should be given to proper use of water for person and domestic hygiene in addition to drinking-water quality (Briscoe 1984; Clasen & Cairncross 2004; Wright et al. 2004) .
The size of the household, its economic status and, to a lesser extent, the gender of the household head, are all strong predictors of households that obtain water from a safe source (Dungumaro 2007 et al. 2008) . The main method to treat water was boiling, which is practised by 87% of the interviewees. This finding correlates with a trend observed in other studies (Auslander & Langlois 1993; McLennan 2000) . Hot water systems, however, should operate at a minimum of 608C for water to be safe for drinking (Spinks et al. 2006) . This survey included a range of variables that could potentially be linked to knowledge of measures to safeguard the quality of rainwater. However, other variables, such as the household utensils used to collect the water from the tank, and how safe water does not equate to consumption of safe water due to possible recontamination, were beyond the scope of this study, but may need to be investigated further.
CONCLUSION
The most important contribution of this study is the observed lack of awareness on the need to care for gutters in rural homes that harvest rainwater for domestic use. The influence of adequate gutter construction and management on the quality of rainwater, the need (or not) to treat water and the need to differentiate between the uses of water cannot be overemphasized. Water passing through gutters in which a variety of debris has accumulated is much more likely to transmit waterborne diseases. The water thus requires additional treatment before it can be used in the household.
This study therefore highlights the need to find innovative ways to communicate information on adequate gutter construction and care and to educate the public on ways to prevent health hazards and social implications arising from harvesting rainwater. If rural households have access to adequate information about physical and nonphysical features to safeguard the quality of the rainwater, they are more likely to implement one or several of the precautions.
